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This invention relates to a system for. .the inspection ''V^jtf 
of artefacts, in particular but not WluVi'veiy to a 
5 system employed with a machine tool ' arid to, inspection 
by means of a measurement device such ;as. 'a measurement 
probe. . !, * 

Conventionally, a measurement probe; is used; 0* a 
10 machine tool in a so-called tcluch. trigger , mode i.e. 

moving the probe, so as to touch an ar^eW'abd using a . \.;;"^ 
•touch trigger signal. The signal is usually routed 
through an input of the machine toco's controller (WO . ; 
known as the skip line. This skip signal iff a simple ..-.'.j* 
15 on/o£f signal that can be caused, to interrupt the NC >*ij.i 
and to record the machine's position Uvy 'an'd z , 
readings) at the instant the skip- signal, w'a's. "issued. V ' : M 

Thus data indicative of the probe" s .p.os.^on .can be 



obtained. Whilst this system is adegua^ for most | f 



purposes it relies on very repeatable^ p;robe .system , j\ 

triggering and machine velocity control-, ja^'the NC is . AV}£ 

often not capable of any significant -processing of the '' >\$X 

recorded position data. , 'V\V' 

••};.■'•■. .. '.i'-fv. 

if many data points -are required, for example for . ' /..'Vjjjj 

determining the correctness of a' cphtour, then the „' 

touch trigger process described -above can be; time • • -{-va" 

consuming. , , . . - 

30 In US Patent No- 5,428,548 a .probe is, listed to feel 

around the artefact on a machine tool.« Inputs from a 



scanning probe are fed to a PC which; instructs the 
machine tool's NC to move to /another poalti©n. Each - ^j, 

time the probe is moved another set of data,' from the 
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probe is taken the PC has to wait until, thd machine 
tool hae stopped before the probe ;data is- logged. In 
this 'way a data set of probe measurements ar? produced 
which can be associated with assumed machine total 
movements. There is no feedback to the PC to confirm 
the machine's position. The actual position! of the 
machine tool is assumed to be correct foppw^ng 
position instructions issued by -the PC ;to the toC. 
There is a waiting period to give" time- 'for. itf* ;machine 
to finish moving. J ' ' * , 

in a known eonimercial system by- Leiooir^ 'Multinational 
Technologies, Ithere is provided a. path' banning system 
which provides part form data which is associated with 
a ! machine position. This known system appears' to 
obtain its machine position data by -tapping | into the 
so-called servo control loop, which allocs 'the 
controlling software to obtain total' position data. 
This position data together with prpbe ■ data ( can be 
combined but there is no way of confirming' that the two 
sets of data were truly taken at .exact 1^, the' same time. 

The present invention provides an ' inspection system 
including a methpd for. synchronising data from a 
measurement device with data from a, machine; tool, 
comprising the steps oft • ! ' 

issuing a signal at a plurality of instants; 

recording a first set of data relating/ .to the 
position of the machine at each of 'the 'instants; and 

recording a second set of data, from the 1 
measurement device relating to measurements of the 

device at each of the instant?. ; ; • 

''.:'>' 

»' * < • ' . 
Preferably tHe signals at each of the instants is a 
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30 



V I 



'en 
: • >v.».t 'A 



synchronisation signal which may issue to* or ^oni a • 

machine tool controller. The synchronisation "signal N ; '\# 

may be used to identify the real time at. whi-eh each of :''-(';*'$ 
the members of the first and second .sets. of 4ata of the 

machine tool and measurement device .ware 'recorded in , b \"r|.l] 

order that the position data and the -measurement data ^ ^j.'V 

can be combined with the same synchronisation signal. "V^V.ji 

The combination may take place -after •.the' recording. <\\'0. 



10 Thus- the invention further provides _ for the step of . - ( ' ■ j _( 

combining the first data set with' the second Idata set 
such that each element of the two sets, ajre ^siociated 
with the same synchronisation signal. 



*•.."•'•/ 

•V V 

, . . ' * * • » f 



15 Preferably the method further provides tbe^'step of 

monitoring at regular intervals the measurement device. 
This may be done more frequently than ;th«f .'occurrences 
of the ' plurality of synchrdnisatiqnj signals < In this 
way only selected data may be riecbrded to '> the- secdnd fffty. 

20 set and/or the data may be manipulated- priof £o its ' % : 

recdrdal. ; .'/(IW 

•• ;. ' ,: ■'-} ■ ■ 

The present invention provides aiso, afc inspection "l"*' 
system including apparatus for synchronising data from- 
a measurement device with data from a ; ' machine tool, the ; . yYZ 



apparatus comprising: • 

means for issuing a signal at a plurality of > 

instants; ' , _ ■ ^ , ■ ; , 

means for recording a first set of ; data relating ■ 7- '§r 

to the position of the machine' at. each Of > the instants? •'V^vi-' 



means for recording a second s,et of da,ta !from the 
measurement device relating to measurement's of the "VM 
device at each of the instants 1 % * , 
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4 

• ' ' ' » 1 ' 
to' anothdr -aspect of 



10 



from a source other than the machine too£L control. 

■ ' ' \ . 4 

The invention will now be described with* reference to 
the drawings, wherein the Figure shows one embodiment 
25 of a measurement system according, to the invention. 



30 



r 

■ 'i ■ ■ 



The inspection system according, 

the invention includes also apparatus , c6ragri sing a 
measurement device for use on a' machine too* -and for , 
generating measurement data, a machine too), control 
device operable to move the machiae tool and ' to 
generate data relating to the position J of the machine 
tool, a means for producing a plurality of J ; 

synchronisation signals, software "for collecting . data ^ [t] 

from the measurement device and machjine tool; control , ;';,r,^ 

device and for associating the data 'from £hp ; -* : ^.Ad- 

measurement device with the data from the. machine tool. 

i ' , 

Preferably synchronisation signals are' issued at a time 
related to the time that position *da.ta; or measurement 
data is generated. The synchronisation signal may be 



5 v.). 

• f ■ > 

: v 1 

v V « 



4 h A 



15 data is generatea. xne S yiiuit W u»-«,-» «—?>.-. — .-— 

used to label both measurement |andv laositi'oh data V'* 
generated at the time the synchronisation sfrgHai was "#£0 

issued. • ,;•«;,' • • »'-S>r:p 

20 Alternatively the synchronisation, signal* jnjiy. .be issued' 'j, * 

.. f ,^ 

' . r S'3 
■" % 



The Figure shows a machine tooi, 10 having a. cohtrol 
device UC 20. The NC is .used to ".control , all functions . ■ -(^ 
of the machine tool. Shown in 1 the drawing, are- servo . 'i.^, 

control and position feedbaclc lines 30. .These, lines :-|or 
are used to control x r y and * movements 'of the machine. i : 
A spindle s (in this instance .fixed ih position) can ' 
accept a measurement probe P. .. The probe La. used to 
check the dimensions of .workplace W. inputted: to the 
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15 



i i * » » 

machine tool as the workpieoe is moved in or z 
directions. The probe P is of .a tyjse Which, t^n produce 
data representing the deflection of .its. ptarb* "and can 
produce many results per second. ■ The «tyl«* deflection 
data is transmitted to a receiver) *x . <0 . ■The.NC 20 has 
position' feedback lines which are alsd. dapable of . 
•receiving data relating to the;x,y arid z .positions of 
the machine many times per second. • •*. ; , 

A PC 50 is provided which has an finterf^e circuit 60 
e g, a PCI, PCMCIA, Ethernet or USB pype^ .The-' interface 
is capable of receiving and buffering data from the Poc 
along line 62, relating to probe ".stylus def leptions . In 
this embodiment line 62 also provides for sending probe 
instructions- The PC accepts data. Via! line *r M relating 
to the positional machine tool movements.. In the 
present embodiment the machine tool -movements are 
directed straight to the PC but • they cou^Ld be routed 
via interface 60. . 

20 ' ' ' * . 

The interface can be used to buffer 'dat*a ;receiv*d from 
the probe (and from the NC if appropriate) . ; The buffer 
can store the data to send to thie PC '.late*., /be 
interface oan also use immediately" the data .coming from 
25 the probe to monitor conditions Vhioh require; action 
e g- over-def lection of the probe stylus: j In. such an 
instance of over-deflection ^» interface could issue a 
signal immediately to stop or reverse the machine's 
movements". Machine position data gathered ; immediately 
30 before the stop can be used to facilitate suqh action. 

Where the interface is in control oi real 'tips over- 
deflection etc monitoring, then it is possible that the 
PC can instruct the interface to alter conditions at 
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which over^def lection etc ia deemed W hayV occurred so 
that undesirable affects such as *^ ^ring due 

^ ths probe a,re taken 



to vibration or rapid movement of 
into account- 



t 



These two sets of data can be used: by the .Pq .to produce 
an accurate profile of the workplace w. , However, 
useful computation can be carried -out .'only if- the two 
se ts of data can be combined. In 'order .for this to ■ 
10 happen the relative time at which sets of data, were 
obtained must be Known. In operation the NC collect, 
data relating to the machine tool movement. and 
tabulates that data in order according, to; a, signal from 
an internal clock 22. • " 



The internal clock 22 produces the •syhchrohisation 
signal 24 and .the interface accepts this signal. The 
interface too collects data relating to- pxobe stylus 
deflection and the PC tabulates that data dp Order 
20 according to the synchronisation: signal- from -the- 
internal clock 22. In practice the PC 'can combine 
elements Of the NC data with elements Of the -probe data 
because both are in the same order and willb, in the 
same or related field of their respective tables. 

25 The PC can thus carry out computation. yW** **• data 
from the same or related fi«ld*H" each 6f • the 
tabulated data from the NC and the ^probev 

i f 

30 Speed of transfer of data to'the PC frpm the NC and 

interface is not significant -to the W^t speed 
of this system. The speed of transfer- of ;data to the 
PC from the NC and interface' will -be dependent on the 
data transfer rate and the ,lu of the '.memory buffers 
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Tp avoid breakage of the probe/ one. or more, svent 
signals may be incorporated 'into the interface circuit. 



in the NC and the interface . - ; , ^ , , 

Typically the 'system will operate in the. .'following 

manner: • • ' , , ; 

S the tIC will run a program, e.g. a .program for 

cutting 'a workpiece W r * • • », :, t' 

the NC will run an inspection routine *hieh 
includes the selection of the measureWt *p±ot* P and 
the movement of the workpiece W past the. probe along a 
10 nominal path defined by the inspect^, £putine; and 
during the routine both the 'position; of the 
machine tool and the deflection of the s^ljirf of the 
probe 'are recorded in the manner described above. 

IS The PC can compute such things as' workpiece size or ^ 

form, workpiece aurface finish and .'the agreement of ^ 

scrap workpieces. Using snch dafa itj can -also compute V,..^ 

revised cutting tool paths and new '. feed , add -speed ■ Qg. 

rates . \ , 1 . . . t\ ,*>: 

, ' ' . 

If required the interface 60 can .manipulate' the data ; jV,^ 

from the probe » so that, for example it 1 is retarded or ..5.^ 
advanced to match the position data 32' from. t;he machine . ^ 
tool, in this way repeatable delays; from the NC or 

25 measurement device can be accommodated. ' ' It .is also 
possible to collect more data frpm the measurement- 
device or NC than the other.'- So e.g. measurement 
device data 62 can be collected at rO .times the rate of 
the NC position data so that filtering* of .the . -. 

30 measurement device data 32 can occur in the PC, ■ 
resulting in better accuracy of measurement. 



•* y,* 



1 

Vic- 
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S t ♦ 

f rt r- example Viex^cfciim ' of the 
stylus greater than a tnre , . . will 

are sent to the *C along ^^^j^ 8C > that ' 
stop the machine via a conventional ^ip. 9 . x 
the unexpected problem can be overcome, , j , 

Th e measurement device ana the iift^M 
lultiple operating modes and these modes W. 
multiple op » interface from the PC 

sel ected via signals sen • , . , switches 

or from the -NC e.g, tne sla nals frorrt the NC 

the measurement probe on or : bgiaa . . 

be activated by commands within the *? ? , « 

Many variant* *U he ^^^; 0 TA:S -» 
15 addressee. The separate HO and PC ^ ±> . 

us .d e.g. earner,, t * - ttoli ; A hard- 

de .ice need net have wrreleas ^ 
wired arrangement is powabl.. «. | ^ ^ . 

» ^.rating a stream ot deflection 
capable of «-«""^ ,; touep trigger *ode i.e. a 

prob e could als< ■ ~ :„ cauMS ;ju 5 t one trigger 
p redete»ined stylus dex ^ 

■signal, such a mod. of op ^ ^ of 

„hen initially setting up • -J**^, ^ the 
t h. part 1. not Known exactly * 9 r 

as Illustrated. , , 1 ' . 

. • in tQUCb trigger, mode the' data, collected 
Alternatively, *n touch trig* ^'.^.ttd to 

from the probe and from the NC can be ma , , 
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si ,e an apparent -^S^- *- 
e^pxoyin, an ****** « ^J^^^uiw. 

a notional zero point, allowing . , . 

0 ri g inatin 9 at the it 

Irom ^."fa^t «. jsynchroni.ation 

i. possible that the TO ^ ^ n 

ei g nal and produce position £%£L, «» 
which the signal occurs. Tha inter 1 , • 

• issue a synchronisation signal whap it 

aame or may issue a »» , . . ten th 

coords -a.ur«-nt device date, e.g. at eve*y 

recording of data. , • ! • ; 



* • • *« 

• » ■* 

1*1 »\ JCk 
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